The retroviruses, avian leukosis sarcoma viruses (ALSV), reticuloendotheliosis viruses (REV), and the herpes virus, Marek's disease virus (MDV) are highly prevalent in chickens and turkeys, and naturally cause tumours in these birds. Commercial chickens are positive for antibodies, and may carry infectious virus. 1, 2 It is not known whether these viruses cause cancer in humans. The general human population is at risk for exposure through contact with and/or consumption of poultry and poultry products, such as eggs, and through inoculation with vaccines that have been grown on chicken embryo cells infected with these viruses. 3 In addition to these risks, certain subgroups of the population may be at greater risk for exposure through occupational contact. These include workers in poultry slaughtering/processing plants, where chickens and turkeys are slaughtered and processed, farmers, veterinarians and laboratory workers. Several studies have observed excess cancer risk in workers in the meat industry, [4] [5] [6] [7] but these studies did not examine poultry workers. Studies of farmers and veterinarians have demonstrated excess risk of mainly tumours of the haemopoietic/lymphatic systems. In many of these studies and in several case-control and ecologic studies, associations between leukaemia, lymphoma, multiple myeloma, cervical cancer, ovarian cancer and poultry population have been specifically reported. These studies have been reviewed in detail. 1 A cluster of seven primary brain neoplasms representing a three-to four-fold excess was reported in a town in western Missouri. Six of the seven cases at one time or another lived within 200 yards of a chicken hatchery or worked or had a spouse who worked in the hatchery. 8 None of these studies has specifically investigated cancer risk in a defined group of poultry workers.
We initially studied mortality for 1949-1980 among a cohort of workers in the meat industry. The cohort included a subgroup of 2639 workers in chicken slaughtering/processing plants. [9] [10] [11] These workers are well suited to study the effect of exposure to these viruses because (1) workers in chicken slaughtering plants potentially have the highest human exposure to these oncogenic viruses and other microbial agents found in chickens: they regularly come into contact with large numbers of animals (as many as 175 000 chickens are killed daily in a large plant); contact is intimate, since they handle the internal organs, blood and secretions; open cuts and wounds on their skin are very frequent, making it easy for micro-organisms to enter the body; and contaminated aerosols from cutting/ mincing machines provide inhalation as another route of infection. (2) They are not exposed to potentially confounding occupational carcinogenic exposures such as insecticides, radiation and chemicals, which occur in farmers, veterinarians and laboratory workers. In fact, apart from viruses, the only other potentially carcinogenic exposure in poultry plants is exposure to fumes emitted from the thermal decomposition of the plastic film used to wrap meat. 12 Wrapping is usually carried out by women. In the initial study, an excess of lung cancer in white females was the only statistically significant result among these poultry workers. 10 We report here an update of mortality in these workers, after an additional 9 years of follow-up, i.e. for the total period 1949-1989, during which time the total number of deaths has increased from 195 to 380.
MATERIALS AND METHODS
The original study population consisted of a total of 28 901 individuals who were members of a local meatcutters' union in Baltimore, Maryland, at any time between July 1949 and December 1979. [9] [10] [11] The 2639 workers reported in this paper include all members of the union who had ever worked in a poultry slaughtering/processing plant. The control group consists of 6081 members of the same union who had never worked in the meat industry. It consists of a heterogeneous group of workers employed in exclusively non-meat companies, such as soft-drink manufacturing and oyster shucking. Both male and female, and white and nonwhite individuals, were represented in the cohort.
In the initial cohort study an extensive follow-up was conducted of the entire original cohort of 28 900 workers for the study period For subjects who could not be traced by these measures, we manually searched through all the death certificates in the Maryland State Department of Vital Records with the same names as these subjects. After all these measures, the vital status of 2186 subjects, i.e. 7.6% of the cohort remained undetermined. Because of the extensive search for death records during tracing, these subjects were assumed to be alive as of 31 December 1980 . Results obtained when these lost subjects were assumed to be alive at the end of the study were identical to that obtained when they were withdrawn from the analysis. 9 Because the National Death Index (NDI) was in operation for the period of this updated follow-up (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) , it should identify virtually all deaths in the study, if matching information was accurate. Thus for this update, follow-up was by the NDI, the Social Security Administration Mortality File, and manual search for death certificates at the Maryland Department of Vital Records.
Demographic and identifying information were obtained from union records. However, the union records did not contain information on race, and information on date of birth was missing for 6.5% of the original population of 28 901, or for 114 (4.3%) of the 2639 poultry workers. Because of this, in the standardized mortality ratio (SMR) analyses, it was necessary to estimate missing values for people without a death certificate, i.e. not known to have died. For these subjects, missing information on race was estimated using the distribution among deceased workers with death certificates. This distribution was found to be similar to the current racial make-up of live members in the union, based on a survey of 22 companies belonging to the union and representing half of its membership. Missing date for birth was estimated using the date of issue of the individual's social security number, following the method described by Block et al. 13 or in the case of those without social security numbers, using the median age at first joining the union for all union members with known year of birth. The study population, the methods used to estimate race and date of birth, and the analysis of data have been described previously in detail. 9 For the study period 1949-1989, a total of 380 deaths occurred in poultry workers, representing 14.4% of the total population. The distribution of deaths and personyears by race and sex is given in Table 1 .
Standardized mortality ratios and proportional mortality ratios (PMR) were calculated using the O/E System program developed jointly by the National Cancer Institute and IMS, Inc.
14 The study population was stratified into four groups by sex and race (black males, black females, white males, white females), and each of these groups was subdivided according to age at entry into the cohort (5-year intervals) and calendar year (5-year intervals). Person-years were accumulated from 1 July 1949, for those who were already members of the union before that date. For those who became members later, person-years started on the date of membership. Person-years were counted up to the date of death, or date of termination of the study on 31 December 1989, whichever was earlier. Because of the exhaustive methods used to determine vital status, it is likely that almost all deaths were detected. Thus, subjects lost-to-follow-up were considered to be alive at the end of the study. We had previously shown that withdrawing lost subjects, particularly in mortality studies, can result in substantial bias. 15 Furthermore, because it is usually unknown to what extent follow-up has disproportionately detected more dead subjects than live subjects, assuming lost subjects are alive is preferable to withdrawing them at the time of loss, since at least it is known that the SMR are underestimated. 15 Expected deaths were obtained by multiplying the person-years in each cell by the corresponding race-, sex-, calendar year-, age-specific mortality rate for the US. Observed and expected deaths for each cell were summed over all ages and calendar years, and over all strata, and the SMR estimated as the total observed number of deaths divided by the total expected. The 95% confidence intervals (CI) for the SMR were calculated according to a simple exact method by Liddell which links both the Poisson and χ 2 distributions. For the SMR, χ 2 was used to test for significance, while for the PMR the variance was calculated assuming a binomial distribution for the observations. 16, 17 Relative risks (RR) defined as the ratio of the SMR for a specific cause of death in poultry workers to that in non-meat workers were also calculated for selected causes, and 95% CI calculated by the exact method. 18 
RESULTS
The cause-specific SMR for the poultry workers were compared directly with those of the non-meat workers (not shown), and RR (ratio of poultry SMR to non-meat SMR) calculated (Table 2) . Relative risks were calculated for those SMR which were statistically significant in any race/sex subgroup, or were elevated (but not statistically significant) in two or more race/sex subgroups.
The all-causes SMR in the whole group of poultry workers was 1.0 (95% CI : 0.9-1.1), and RR was 1.1 (95% CI : 1.0-1.3), reflecting a slight excess of deaths in all subgroups.
Malignant Diseases
In general, the SMR results agree closely with the RR results ( Table 2 ). Both analyses indicate that white female poultry workers had a statistically significant increased risk of all cancers combined (RR = 1.9, 95% CI : 1.1-3.2).
Statistically significant results were obtained for cancers of the oesophagus, rectum, liver, pancreas, and tumours of the haemopoietic lymphatic systems.
The increased risk from cancer of the rectum was restricted to black male poultry workers, SMR = 7.1 (95% CI : 1.9-18.1) based on four deaths. However, the corresponding SMR in non-meat workers was also significantly elevated (SMR = 3.6, 95% CI : 1.2-8.4), giving a non-significant RR of 2.0 (95% CI : 0.4-9.1). Therefore since no death occurred among poultry workers in the other race/sex subgroups, it will not be further considered. An elevated risk was observed for cancers of the buccal cavity and pharynx, stomach, kidney and multiple myeloma, in at least two race/sex subgroups by SMR or RR analysis. However, the risks were based on very few deaths and were not statistically significant, hence (except for multiple myeloma) will not be considered further.
Non-Malignant Diseases
Several diseases had consistently elevated risks across race/sex subgroups, however only the SMR and RR for motor vehicle accidents were statistically significant.
The SMR of 1.2 (95% CI : 1.0-1.5) and the RR of 1.2 (95% CI : 0.9-1.5) for atherosclerotic heart disease in all poultry workers combined were almost statistically significant, and the excess risk seems to be present in all subgroups.
DISCUSSION
We were concerned about the missing information on race and date of birth in the SMR analyses. However, the PMR analyses for which complete information on all variables was available, provided a convenient way of assessing this potential bias. As predicted by theory, when the all-causes SMR is around unity, the causespecific SMR should closely approximate the causespecific PMR. 19, 20 The results obtained in the PMR analyses (not shown) were identical to those obtained in the SMR analyses. The similarity between the two results indicates that no serious bias resulted from our handling of missing information in the SMR analyses. This is not surprising, considering that the racial distribution of deceased subjects which was used to impute that among non-deceased individuals in the SMR analyses, turned out to be virtually identical to that of a 50% sample of current live members in the union. 9 Although we provided CI for the SMR, caution should be exercised in interpreting them, since the imputation of race means person-years is not a random variable. Only causes with two or more deaths in any race/sex group are included in the Table. * Statistically significant at the 95% confidence level.
However, it should be pointed out that the intervals were comparable to those obtained in the PMR analyses.
Malignant Diseases
Statistically significant excess risks of cancers of the oesophagus, liver, pancreas, and tumours of the haemopoietic/lymphatic system were observed in this group of workers in poultry slaughtering plants. We had also observed, within the entire union, a similar excess of oesophageal cancer among other subjects who worked in plants where cattle, sheep and pigs were slaughtered and processed, but not among workers in supermarkets where exposure to viruses is expected to have been much reduced. 21 Also, several studies have previously reported excess risk of oesophageal cancer among butchers, meatcutters and other workers in the meat industry. [22] [23] [24] Thus, it appears that slaughtering and processing activities which have the highest exposure to oncogenic viruses, may play a role in the occurrence of oesophageal cancer in the meat industry.
The excess of liver cancer was observed only in women, but the expected number among white and black men was less than one in each case, thus it is not known whether this risk is confined to females. Although we have not observed a definite excess of this cancer in workers in the other sections of the meat industry in our cohort, other investigators have reported it in men in these other areas. 4, 5 Interestingly, elevated risks for cirrhosis of the liver and cancer of the pancreas seem also confined to women.
The excess risk of tumours of the haemopoietic and lymphatic systems in poultry workers is consistent with the observation that these are the same types of tumours associated with the avian oncogenic viruses in chickens and turkeys. 1, 2 The limited data in this study suggest that multiple myeloma is one of the tumour types involved, and it is noteworthy that this disease as well as leukaemias and lymphomas has been previously linked with exposure to poultry and farming. 1, 25 Lung cancer deserves special mention, in view of the past findings. Excess of lung cancer has consistently been reported in the meat industry by other investigators (see 21 for the many cited references). In a preliminary small nested case-control study that we conducted within the Baltimore cohort, the risk of lung cancer in men with long-term slaughtering activities was 15-fold higher than in non-meat workers, after controlling for tobacco smoking. 26 Also, in the initial cohort study, the only statistically significant result in poultry workers was a four-fold risk of lung cancer in white women based on three deaths. 10 The SMR in this update is now reduced to only 1.8 in this subgroup, based on four deaths, and the relative risk is 1.5; neither is statistically significant. This reduction in risk is consistent with the fall in lung cancer risk seen in women in other sections of the industry (meatpacking plants and supermarkets) in our cohort, during this second follow-up. 21, 27 Appreciable reduction in exposure to fumes during wrapping occurred after 1975, and we have postulated that in addition to viruses, this exposure may be one of the causes of excess lung cancer occurrence in the meat industry, especially among women. 10, 21, 27 Hence, the fall in lung cancer risk observed in women poultry workers in this extended follow-up may be related to the reduction in this exposure since 1975.
Non-Malignant Diseases
The excess risk of motor vehicle accidents in this occupational group is likely related to non-occupational factors such as lifestyle. Elevated RR were observed for respiratory diseases, gastric and duodenal ulcers, cirrhosis of the liver, and diseases of the genitourinary system. These are all conditions which can be caused by infectious agents. 28 Poultry workers have increased exposure to various oncogenic and non-oncogenic microbial agents present in chickens and turkeys; therefore, it is possible that these agents may play a role in the occurrence of some of these diseases.
The RR for atherosclerotic heart disease were elevated in all the subgroups, and the RR for all poultry workers combined was almost statistically significant. Atherosclerosis has been reported to be experimentally induced in chickens by infecting them with Marek's disease virus, one of the viruses to which poultry workers are commonly exposed. [29] [30] [31] On the other hand, dietary factors may play a role in the development of the disease in this population, since it has been reported that meat workers consume more meat, hence animal fat, (a known risk factor for heart disease) than members of the general population. In vivo studies have shown that these viruses can cause tumours in several mammalian species, including primates. 1 In addition, human cells have been successfully infected in vitro with REV. 32, 33 We have recently reported for the first time ever, that human sera show serological evidence of infection with ALSV and REV. 34, 35 Also, many epidemiological studies of farmers, veterinarians, and workers in the meat industry have demonstrated excess risk of cancer in these groups. 8, 25, [36] [37] [38] [39] [40] [41] [42] [43] [44] To date, this study is the only cohort study of workers in poultry slaughtering/processing plants, an occupational group with probably the highest human exposure to the poultry oncogenic viruses. Interpretation of the findings is hindered by the relatively small number of deaths involved. The results at this time are mainly inconclusive, but suggest that interest in this cohort should continue, particularly as we now have serological evidence that humans are infected with these viruses. This is a relatively young cohort, in which less than 15% of the members are deceased, with an average age at death of 52 years. Further follow-up of the cohort at a later date will provide a much clearer picture of excess risk, if any, in this occupational group.
